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The eastern wild turkey (Meleagris gallapovo silvestris) was nearly extirpated
from the Mississippi Alluvial Valley (MAV) from overharvesting and habitat loss in the
early 1900s. Habitat restoration with hardwood regeneration has likely improved habitat
suitability for turkeys in the MAV. I studied establishment and movement of translocated
turkeys to assess feasibility of turkey restoration in the MAV. Turkeys were translocated
to 2 study sites in the MAV during winters of 2009 and 2010. I monitored movement,
survival, and resource selection of translocated turkeys using radio telemetry (February
2009–April 2011). Movement increased with increasing resource dispersion. Mortalities
did not differ among 4 causes. Biweekly survival of translocated turkeys was related
inversely to spring precipitation, but related positively to precipitation during other
seasons. Mature and regenerating hardwood forests served as nesting and brooding
habitat; therefore, increasing hardwood forests will likely improve success of future
turkey restoration in the MAV.
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CHAPTER I
EFFECTS OF RESOURCE DISPERSION AND SITE FAMILIARITY ON
MOVEMENTS OF TRANSLOCATED WILD TURKEYS ON
FRAGMENTED LANDSCAPES

Introduction
Fitness advantages of an animal may increase as its site familiarity increases. Site
familiarity helps animals avoid predators and consequently enhances survival of those
animals (Clarke et al. 1993). For instance, occupying an unfamiliar area can lead to
increased predation in ruffed grouse (Bonsana umbellus; Yoder et al. 2004). Also,
eastern chipmunks (Tamias striatus) in familiar locations took less time to escape
predators than did those in unfamiliar locations (Clarke et al. 1993). Additional to
decreased predation risk, migratory birds exhibiting site familiarity often increase their
reproductive success with nest site philopatry (Ward and Weatherhead 2005, Piper et al.
2008, Péron et al. 2010). Moreover, site familiarity facilitates formation of social groups
in birds (Snell-Rood and Cristol 2005) and can help new group members with less
familiarity to escape predators (Péron et al. 2010). Therefore, site familiarity may have
fitness consequences through influencing habitat use and movements of animals.
Anthropogenic disturbances have greatly fragmented animal habitats, resulting in
loss of habitat and increasing dispersion or patchiness of food and other resources
1

(Fleishman and Mac Nally 2007). Fragmentation and loss of habitat have become one of
the main causes of population declines and extinctions of endangered or threatened
species (Fleishman and Mac Nally 2007). The resource dispersion hypothesis (RDH)
predicts that dispersion of resources in fragmented habitat would increase home ranges of
birds and mammalian carnivores (Macdonald 1983, Johnson et al. 2002). For instance,
increased dispersion of acacia trees (Acacia spp.) increased territory sizes and movements
of white-throated magpie-jays (Calocitta formosa) to acquire sufficient resources
(Langen and Vehrencamp 1998). Furthermore, habitat fragmentation increases risk of
predation in eastern wild turkeys (Meleagris gallapovo silvestris, hereafter wild turkey)
(Thogmartin and Schaeffer 2000). However, it is unknown if increased predation of wild
turkeys results from increased movements in fragmented habitats.
Translocation is an important approach to restore endangered and threatened
species (Wolf et al. 1996). However, translocation inherently introduces animals to
unfamiliar environments. Translocated noisy miners (Manorina melanocephala) and
African elephants (Loxodonta africana) showed increased movement and exploration in
unfamiliar habitat (Clarke and Schedvin 1997, Pinter-Wollman 2009). Animals relocated
from their home ranges probably experience increased exposure to predation (Jacquot
and Solomon 1997). Survival of translocated animals to reproduction is important to
establish and sustain translocated populations. Therefore, understanding effects of site
familiarity on movements and home ranges of translocated birds in fragmented habitat is
important to planning the restoration of avian species.
Wild turkeys, the largest galliform in North America, exhibit nest site and habitat
fidelity (Badyaev and Faust 1996, Miller et al. 2001). Wild turkeys are very mobile and
2

require mature hardwood or mixed forests as habitat (Porter 1992, Miller et al. 1999,
Dickson 2001). Wild turkey populations experienced precipitous declines from the late
1800s through the early 1900s due to overharvesting and habitat loss throughout their
range (Dickson 2001). Wild turkeys were restored throughout the southern USA (the
South) from the 1950s to 1970s, with individuals translocated from remnant wild turkey
populations (Dickson 2001). These restorations increased sizes of wild turkey
populations in the South to over 2 million birds in 1999 from an estimated 200,000 birds
in 1959 (Dickson 2001). Success of wild turkey restorations may indicate the ability of
wild turkeys to cope with unfamiliar environments. However, few studies have
investigated effects of site familiarity and resource dispersion on movements and home
ranges of translocated wild turkeys in fragmented habitat. My objectives were to test: 1)
the site familiarity hypothesis that increased site familiarity would reduce home range
size and decrease movements of translocated wild turkeys (Clarke et al. 1993, Heidinger
et al. 2009) and 2) the resource dispersion hypothesis that more dispersed resources in
fragmented landscapes would result in larger home ranges of wild turkeys. Alternatively,
wild turkeys increase home range size to increase resource availability or energy
acquisition, i.e., habitat productivity hypothesis (McNab 1963). I predicted that home
range size of wild turkeys would be related positively to within-home-range plant
biomass. I also predicted that newly translocated wild turkeys that joined social groups
of existing wild turkeys would benefit from the site familiarity of the existing wild
turkeys and exhibit similar movements (Snell-Rood and Cristol 2005, Péron et al. 2010).
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Study Area
I conducted my study at 2 sites (hereafter north and south sites) 16.5 km apart in
the Mississippi Alluvial Valley (MAV) in Quitman County, Mississippi (MS), USA.
Wild turkeys were once abundant throughout my study region but were nearly extirpated
as bottomland hardwood forests were converted to agriculture (Leopold 1929). Recent
reforestation implemented through Wetland Reserve Program and Conservation Reserve
Program since 1985 may provide potential habitat for wild turkeys (Porter 1992, King
and Keeland 1999). However, to my knowledge, wild turkeys did not occur recently at
either site before this study except for occasional transient birds.
The 2 sites contained agricultural fields with remnant mature hardwood forest
patches and regenerating hardwood forests (8–20 years old), but differed in total area and
patch size of mature hardwood forests (Nyssa spp., Carya spp., and Quercus spp.). The
north site (34◦19’ N, 90◦17’ W) encompassed 6,228 ha, including 1,357 ha of mature
hardwood forests, 3,202 ha of regenerating hardwood forests (Quercus spp.), and 1,669
ha of agriculture; mean forest patch was 142 ha, and the largest was 339 ha. Agriculture
fields were primarily soybeans (Glycine max) and wheat (Triticum aestivum). The south
site (34◦10’ N, 90◦21’ W) was 8,180 ha, including 961 ha of mature hardwood forests,
4,840 ha of regenerating hardwood forests, and 2,379 ha of agriculture. Mean and largest
forest patch was 44 ha and 185 ha, respectively. Agriculture was soybeans, corn (Zea
mays), and cotton (Gossypium spp.). Monthly mean temperatures ranged from 5 to 28
o

C, with annual mean temperature of 17 oC. Monthly precipitation ranged from 3.8 to

26.6 cm and averaged 13.3 cm (Lambert weather station, the National Oceanic and
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Atmospheric Administration station ID: 224869; 1 km from south site and 11.2 km from
north site).

Methods

Wild turkey capture, release, and radio telemetry
Wild turkeys were captured from 22 sites throughout Mississippi, USA using
cannon nets during January–March 2009–2010 (Harmon and Van Den Bussche 2000).
Captured wild turkeys were held in National Wild Turkey Federation wild turkey
transport boxes (34 × 56 × 65 cm; International Paper, Memphis, Tennessee, USA) while
transported via trucks to one of the 2 release sites. Fifty-nine percent of captured wild
turkeys were released the same day as captured; mean straight line distance from capture
site to release site was 207 km (standard deviation [SD] = 133 km). During 2009, 39
birds (7 males [M], 32 females [F]; 18 adults, 4 juveniles, 17 unknown ages) were
released at the north site and 32 birds (7 M, 25 F; 7 adults, 3 juveniles, and 22 unknowns)
at the south site. During 2010, 29 birds were released (4 M, 25 F; 22 adults, 6 juveniles,
and 1 unknown) at the north site and 30 birds (6 M, 24 F; 22 adults, 6 juveniles, and 2
unknowns) at the south site. Maximum numbers of wild turkeys present at the study sites
in 2010 were 35 birds (8 M: 27 F) at the north site and 36 birds (8 M: 28 F) at the south
site (Appendix A). Body mass ranged from 3.4 kg to 5.0 kg for released adult females,
from 3.0 kg to 4.3 kg for juvenile females, and from 8.0 kg to 9.7 g for adult males.
Before release, each wild turkey was marked with an aluminum leg band and fitted with a
71.2g backpack radio transmitter (Model A1540, Advanced Telemetry Systems [ATS],
5

Isanti, Minnesota, USA) of a unique frequency with the harness attachment (Godwin
1991). I also recorded the Universal Traverse Mercator (UTM) coordinates of each
bird’s release location using a hand-held global positioning system (GPS) unit (GPSmap
76CSx, Garmin, Olathe, Kansas [KS], USA). Wild turkey capture and handling
procedures were approved by the Mississippi State University Institutional Animal Care
and Use Committee (protocol 08-059).
Each radio-tagged wild turkey was located using radio telemetry techniques with
a hand-held 3-element Yagi antenna (AF Antronics, Inc., Urbana, Illinois, USA) and
ATS R4000 receiver at least 3 times weekly from date of release until time of death or 31
December 2010. Bird order and time of day for radio telemetry were varied across
tracking occasions to reduce potential location bias. Locations of tracked wild turkeys
were estimated using triangulation with ≥3 bearings with an overall difference of 60–120o
taken within 15 minutes (Cochran and Lord 1963, Chamberlain and Leopold 2000).
UTM coordinates of observers were obtained with a Garmin eTrex H GPS unit (Garmin,
Olathe, KS, USA). UTM coordinates of estimated locations were calculated using
program LOCATE III (Pacer Computer Software, Tatamagouche, Nova Scotia, Canada).
Telemetry angle error was estimated by placing radio transmitters at known locations and
having observers who did not know the transmitter locations take bearings (Wilson
2005). Average angle error was 8.3 degrees (SD = 7.1, n = 40).

Estimation of movement distances and home range sizes
I calculated maximum distance to release site (DTR) as the Euclidian distance (m)
from each bird’s release location to its farthest known location from the release location
6

to estimate how far wild turkeys will move when compelled to do so (Clarke and
Schedvin 1997). I calculated last distance to release (last DTR) as the Euclidian distance
(m) between each bird’s release location and its last observed location to indicate the wild
turkeys’ propensity to return to the release site after exploration (Clarke and Schedvin
1997). Lastly, I calculated daily (multiples of 24 hrs) distance moved (DDM) as the
Euclidian distance (m) between 2 successive locations divided by time between locations.
I used only locations 18 to 36 hrs apart. If DDM of birds released in 2010 and died after
release exceeded that of the birds released in 2009 and survived through the same period
of 2010, particularly during the release period (February–March), I concluded that
increased movement in unfamiliar environments might increase mortality of translocated
birds. I also calculated exploratory movement distance (EXD) as the Euclidian distance
(m) from a focal location of a bird to the moving weighted centroid (MWC) of all
locations during the previous 15 days, using the following formulas (Pinter-Wollman
2009):
1

∑xt
i

X=

i,t ≤15

i

1
∑
i,ti ≤15 ti

,

(1-1)

1

∑yt
i

Y=

i,t≤15

1
∑
i,ti ≤15 ti

i

,

(1-2)

where X and Y are the geographic coordinates of MWC; xi and yi are the geographic
coordinates of a location i within 15 days preceding a focal location; and ti is the time
interval (multiples of 24 hrs) separating tracking time of location i from focal location.
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Exploratory movement distance represents amount of local exploratory movement of a
translocated animal in the new environment (Pinter-Wollman 2009). Longer exploratory
movements of recently translocated birds compared to movements of birds released in the
previous year provides evidence to support that increased site familiarity reduces animal
movements.
For radio-tracked birds released in 2010, I computed maximum and last DTRs
from January or release time to end of July 2010; mean and maximum DDMs for prenesting (February–March, also corresponding to bird release period), nesting (April–
May), and post-nesting (June–July) periods, respectively; and mean and maximum EXDs
for the first 30 days and first 60 days after release, respectively. I also computed EXDs
of birds released in 2009 for the same periods of 2010. Multiple time periods were used
to test for differences in site familiarity. Sample sizes were too small in 2009 to estimate
DTR, DDM, and EXD.
I estimated home range sizes (ha) using 95% fixed kernel methods with a least
square cross validation smoothing parameter for period 1 (January–July) and period 2
(August–December) of 2009 and 2010, respectively (Worton 1989). Period 1 was from
release through end of observed nesting activity, whereas period 2 covered the time when
wild turkeys were no longer exploring post-release or breeding. I used simulations with
random samples without replacement of data on estimated locations of 19 wild turkeys
tracked from July 2009 to January 2010 and determined a minimum of 45 locations for
each seasonal home range was required for the kernel density estimations. Furthermore,
regression of natural-log home range sizes on sample sizes (ranging from 45 to 178
locations) of 77 kernel home range estimates was insignificant (F1, 73 = 3.03, P = 0.09),
8

with study site as a random effect. I did not subset locations of a bird for fixed kernel
home range estimation because this method is robust to temporal autocorrelation of
animal locations (Borger et al. 2006). Moreover, most (93%) of any 2 successive
locations of a radio-tracked bird were separated by >1days. I also estimated home range
overlap between birds released in 2009 and those released in 2010 using the function
kerneloverlap (Bourgoin et al. 2008) in the R package adehabitat (Calenge 2006). Birds
with >50% overlap were considered part of a social group.

Normalized difference vegetation index
I used the LandSat 5 Thematic Mapper (TM 5) imagery of bands 3 (visible red
light: wavelength 0.63–0.69 mm) and 4 (near infrared [NIR] light:0.76–0.90 mm),
acquired from the U. S. Geological Survey (USGS) Earth Resources Observation and
Science Center (EROS) remote sensing data archives, to derive the normalized difference
vegetation index (NDVI) for each 30m × 30m cell (or pixel) at my study sites (Lauer et
al. 1997). The NDVI was computed using program IDRISI Taiga 15.0 (Clark Labs,
Worcester, Massachusetts, USA) and the formula: NDVI = (NIR – red)/(red + NIR)
(Rouse et al. 1974). Normalized differences in reflectance between red light (absorbed
by chlorophyll) and NIR light (scattered by mesophyll leaf structure of plants) provide a
measurement of the photosynthetic activity of green plants within an area; thus, the
NDVI measures greenness of plant material sensed by the sensors of satellites (Rouse et
al. 1974) and is correlated positively with plant productivity (Pettorelli et al. 2005).
Values of the NDVI range from -1.0 (absence of green vegetation) to 1.0 (maximum
green vegetation). I used IDRISI to calculate total NDVI and CV of NDVI over all
9

pixels within 95% kernel home ranges. I used cloud-free (0%) LandSat TM 5 imagery
flown on 7 May 2009 and 14 October 2010 to compute NDVI for periods 1 and 2,
respectively. Habitat productivity hypothesis predicts that home range sizes of wild
turkeys are related positively to within-home-range CV of the NDVI.

Statistical analysis of movement and home range sizes
I used mixed-effects analysis of variance (ANOVA) to compare means of
repeatedly measured movement distances and home range sizes, with animal ID nested
within study site as random factors to account for non-independence in movements
among birds at the same site. I also tested for interactions among fixed-effects of study
site, season, and release year. When interactions were significant (P < 0.05), I tested for
simple or slice effects of a fixed factor on a level of other interacting factors using least
square means with Tukey-Kramer adjustment in SAS (version 9.2, SAS Institute Inc.,
Cary, North Carolina, USA). Specifically, I compared mean DTRs of birds by release
year and study site; seasonal mean DDMs of birds by release year, study site, nester or
non-nester, and live or dead; and mean home range sizes during periods 1 and 2 in 2010
by release year and study site. I also compared seasonal mean home range sizes (during
periods 1 and 2) of females released in 2009 and surviving through 2010 between years
2009 and 2010, respectively. For non-repeatedly measured data on maximum DTR, last
DTR, and maximum EXD during 2010, I used mixed-effects ANOVA in SAS to
compare means among birds by release year and study site, with study site as a random
factor.
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I log-transformed home range sizes and tested normality assumption on residuals
of my model for each movement distance and home range size using the Shapiro test
(Shapiro and Wilk 1965); data met normality assumptions. I also regressed logtransformed home range sizes on total NDVI and CV of the NDVI within 95% kernel
home ranges of wild turkeys using the mixed-effects ANOVA with study site as a
random factor. Preliminary analysis showed that total NDVI and CV of the NDVI were
correlated weakly for periods 1 (Pearson r = 0.07) and 2 (r = 0.34). All tests were
conducted with α = 0.05.

Results
Overall, I radio-tracked 130 wild turkeys for 9,542 radio-track days and obtained
10,238 locations to compute movement distances and home ranges by site, season, and
gender (Appendix B).

Distance to release site
Females at the south site had greater mean maximum DTR (F1, 40 = 5.60, P =
0.02) and last DTR (F1, 40 = 7.60, P = 0.01) than females at the north site (Fig. 1.1).
Males at the south site had greater mean maximum DTR (F1, 16 = 11.21, P < 0.01) but
marginally greater mean last DTR (F1, 16 = 4.44, P = 0.05) than males at the north site.

Exploratory movement distance
Mean maximum EXD within the first 60 days after release for females at the
south site was marginally greater than that of females at the north site (F1, 36 = 4.26, P =
11

0.05), whereas that of males at the south site was greater than that at the north site (F1, 15
= 15.41, P < 0.01; Fig. 1.2). Additionally, mean EXD of males released in 2009 at the
south site was greater than that of males released in 2009 at the north site during the first
30 days of the 2010 release season (F1, 8 = 14.13, P = 0.01).

Daily distance moved
Mean DDM of males at the south site was greater than that of males at the north
site during 2010 (F1, 11 = 9.66, P = 0.01). Mean maximum DDMs from March to May
(F1, 14 = 7.04, P = 0.02) and from June to July (F1, 10 = 28.80, P < 0.01) of males at the
south site were greater than those of males at the north site, respectively (Fig 1.3).
The only measurement with enough data to compare birds that died within 2
weeks after release to those that lived was DDM during pre-nesting, which was similar
between groups (F1, 40 = 1.16, P = 0.29).

Home ranges
Females used marginally greater home ranges at the south site than did those at
the north site during period 1 in 2010 (F1, 16 = 4.44, P = 0.05; Fig. 1.4). Mean home
range size of males at the south site was greater than of males at the north site during
period 1 (t6 = -6.23, adj P < 0.01), but marginally greater during period 2 (t6 = -3.55, adj
P = 0.05) in 2010. All wild turkeys released in 2010 overlapped their home ranges with
>1 wild turkey released in 2009 at both sites except 2 and 3 females at the south site
during periods 1 and 2, respectively (Appendices C–D). Total within-home-range NDVI
ranged from 336.05 to 18,222.71 for period 1 and 268.36 to 3,520.04 for period 2, and
12

CV in the NDVI ranged from 0.06 to 0.10 and 0.05 to 0.09 for periods 1 and 2,
respectively. Furthermore, home range sizes were related positively to total withinhome-range NDVI (period 1: F1, 43 = 53.89, P < 0.01; period 2: F1, 26 = 125.55, P < 0.01)
and related positively to within-home-range CV of the NDVI during periods 1 and 2,
respectively (period 1: F1, 43 = 24.96, P < 0.01; period 2: F1, 26 = 14.92, P < 0.01).

Discussion
I found no evidence supporting the site familiarity hypothesis for translocated
wild turkeys. Movement distances and home range sizes were similar among birds
released in 2009 and 2010, as was mean daily distance moved between birds that died
and lived during the 2 months post-release in 2010. In contrast, I found evidence
supporting the resource dispersion hypothesis (RDH) with wild turkeys at the more
fragmented south site having greater movements and larger home ranges than wild
turkeys at the north site. I suggest that previously and newly released wild turkeys at the
very fragmented south site displayed increased movements to meet resource
requirements, which probably masked potential effects of site unfamiliarity on
movements.

Site familiarity hypothesis
I did not observe either greater movement distances among wild turkeys released
in 2010 than those of wild turkeys already at the study sites and released in 2009 or
decreased movement distances of released wild turkeys over time, as predicted by the site
familiarity hypothesis. In contrast, ruffed grouse displayed increased movement in
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unfamiliar environments (Yoder et al. 2004). Translocated grasshoppers (Oedipoda
caerulescens) and brown rats (Rattus norvegicus) initially increased movement after
release before becoming familiar with their surroundings. It is often assumed that
increased movement results in greater mortality rates (Yoder et al. 2004). However, I did
not detect a difference in movement between translocated wild turkeys that died and
those that survived. First, this is likely because my movement data were from those
individuals dying soon after release and before I could collect sufficient movement data
(e.g., hourly movement data). My relocation frequency (average 3–4 times weekly) was
likely too low to detect initial increases in movements of translocated wild turkeys.
Second, wild turkeys are adaptable to diverse types of habitat (Healy 1992). The success
of wild turkey translocations and restorations in the past suggests that newly released
wild turkeys may adapt quickly to new environments, enabling them to overcome lack of
site familiarity. Lastly, most females released in 2010 joined existing wild turkeys
released in 2009 at both study sites, with more than 50% home range overlap. Thus,
newly released birds may have benefited from the site familiarity of established wild
turkeys and exhibited similar movements (Péron et al. 2010).

Resource dispersion hypothesis
Wild turkeys at the south site consistently demonstrated greater movements and
greater home ranges than those at the north. Males released in 2009 made more local or
exploratory movement at the south site than males released in 2009 at the north site
during February–March 2010, about one year after their release (Fig. 1.2). My data on
movements and home range sizes of radio-tracked wild turkeys were consistent with
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RDH predictions. Furthermore, greater CV in the NDVI over all 30m x 30m pixels
within a home range suggests greater spatial variability of not only plant food resources,
but also animal food resources at fine spatial scales. Consequently, wild turkeys may
move longer distances to cover a larger area to exploit the marginal values of food
resource availability among neighboring food patches to optimize foraging benefits
(Charnov 1976, Mitchell and Powell 2004). Mitchell and Powell (2004) found that home
range sizes decreased markedly as landscape fragmentation decreased, being least in
habitat with greatly clumped resources. I suggest that spatial distributions and
configurations of resources influence local movements and home range sizes of wild
turkeys.

Habitat productivity hypothesis for wild turkey home range sizes
Animals often restrict their movements and activities within their home ranges
(Borger et al. 2008). Home range sizes change over time and space in response to
variations in distribution and availability of resources and intra- and interspecific
interactions (Mitchell and Powell 2004, Whitaker et al. 2007, Borger et al. 2008). For
instance, home range sizes of ruffed grouse along the southern and central Appalachian
Mountains were influenced by vegetation types, food availability, land use, and grouse
densities (Whitaker et al. 2007). Home range sizes of wild turkeys in this study also
varied among study sites and seasons. Mean annual home range sizes of males and
females were 2,579.9 ha and 1,141.7 ha, respectively, at my south site, but 906.7 ha and
710.7 ha at the north site, respectively. Mean annual home range size was reported at
796 ha for females in a managed pine landscape in Mississippi (Miller and Conner 2005)
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and 2,005 ha for males in the lower MAV (Godwin 1991). In Arkansas, annual home
range sizes averaged 1,414.3 ha for females and 1,211.4 ha for males (Badyaev et al.
1996) and spring home range sizes averaged 1,890 ha for females (Thogmartin 2001).
Variation in study length and methods for estimating home range size makes comparisons
of wild turkey home ranges among these studies difficult (Badyaev et al. 1996). Habitat
productivity hypothesis predicts that animals on high-quality habitat use smaller home
ranges than those on poor-quality habitat (McNab 1963). Increases in home range sizes
increased total NDVI within the home ranges of radio-tracked wild turkeys in my study.
Therefore, variation in wild turkey home sizes may result from differences in habitat
productivity, spatial heterogeneity or fragmentation of resources, and intraspecific
interactions.

Conclusions
My data supports the resource dispersion hypothesis that wild turkeys use larger
home ranges and move longer distances in the more fragmented habitat, but did not
support the site familiarity hypothesis for the movements and home ranges of wild
turkeys translocated to very fragmented habitat. Home range sizes of wild turkeys were
related positively to CV in the NDVI and total NDVI within individual home ranges of
wild turkeys.
It is critical to minimize habitat fragmentation in areas where populations are
being restored. When translocations are being used to reestablish a population, areas
with minimal fragmentation should be selected when possible. Although wild turkeys
adapt quickly to new areas (Healy 1992), multiple releases should be considered to
16

increase social site familiarity and survival. Through proper selection of release locations
and multiple releases, translocations may be used more successfully to restore wild
turkey populations in fragmented landscapes.
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Figure 1.1 Mean (standard deviation) maximum (max) and last distance to release site
(DTR) of eastern wild turkeys at 2 study sites, north central Mississippi
Alluvial Valley, Mississippi, USA, January–July 2010.
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Figure 1.2 Mean (standard deviation) maximum (max) exploratory movement distance
(EXD) of eastern wild turkeys during the first 60 days after release at 2 study
sites, north central Mississippi Alluvial Valley, Mississippi, USA, 2010.
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Figure 1.3 Mean (standard deviation) seasonal mean maximum (max) and mean daily
distance moved (DDM) of eastern wild turkeys at 2 study sites, north central
Mississippi Alluvial Valley, Mississippi, USA, January–July 2010.
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Figure 1.4 Mean (standard deviation) seasonal home range sizes of eastern wild turkeys
at 2 study sites, north central Mississippi Alluvial Valley, Mississippi, USA,
2010. HR1 is home range: January–July, and HR2 is home range, August–
December.
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CHAPTER II
IMPACT OF WET SPRING WEATHER ON SURVIVAL OF TRANSLOCATED
WILD TURKEYS

Introduction
The eastern wild turkey (Meleagris gallapovo silvestris, hereafter wild turkey)
was once abundant throughout the bottomland hardwood forests of the Mississippi
Alluvial Valley (MAV), USA. However, wild turkeys were nearly extirpated due to
overharvesting and clearing of bottomland hardwood forests for agriculture beginning in
the early 1900s (Leopold 1929). Since then, there have been no harvestable wild turkey
populations in the north central MAV in Mississippi (MS). Recent regeneration of
hardwood forests through Wetland Reserve Program and Conservation Reserve Program
may provide potential turkey habitat with some stands of regenerating hardwood forests
approaching acorn-producing ages in the northern MS MAV (Porter 1992, King and
Keeland 1999). Regenerating hardwood forests 8–20 years old were estimated to
comprise over 275,700 ha in the MAV (King et al. 2006). These recent reforestation
efforts increase the potential to restore harvestable wild turkey populations to the
northern MS MAV.
Translocations of wild turkeys successfully restored populations throughout their
range in the 1950s and 1970s, exemplifying the success of the restoration of declining
25

species (Dickson 2001). Wild turkeys are adaptable to diverse habitats, even succeeding
in agriculture-dominant systems initially believed unsuitable (Shields and Flake 2006,
Kane et al. 2007). Following translocations, wild turkeys expanded their historical range
northward into agricultural areas of Minnesota and South Dakota, USA (Shields and
Flake 2006, Kane et al. 2007). Successful populations in northern agricultural areas
suggest wild turkeys could do well in agricultural regions like the MAV.
Understanding factors limiting survival of translocated wild turkeys is important
for planning restoration efforts (Miller 1990, Shields and Flake 2006). Capture- and
transport-related stress, predation, weather, and the shortage of winter food are important
factors influencing survival of translocated wild turkeys (Roberts et al. 1995, Vangilder
and Kurzejeski 1995, Hubbard et al. 1999, Nguyen et al. 2003). However, winter
temperatures may not limit overwinter survival of wild turkeys in the southern portion of
their range (Palmer et al. 1993, Wilson et al. 2005). In contrast, moisture and
precipitation may substantially affect survival of wild turkeys in Mississippi, particularly
in the MAV (Miller et al. 1998).
The wet hen hypothesis posits that increased spring precipitation may improve
predator detection of incubating females and thus increases predation mortalities of
females during wet springs (Lopez et al. 1997, Roberts and Porter 1998). Although
seasonal and annual survival of wild turkeys in the Southeastern USA has been well
documented, few studies have assessed effects of spring precipitation on survival of wild
turkeys to test the wet hen hypothesis (Palmer et al. 1993, Miller et al. 1998, Wilson et al.
2005). I conducted a study of biweekly survival of translocated wild turkeys at 2 study
sites in the northern MS MAV from March 2009 to April 2011. My objectives were to
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assess: 1) effects of seasonal precipitation on biweekly survival of translocated wild
turkeys to test the wet hen hypothesis prediction that female (or hen) survival of wild
turkeys is related inversely to amount of spring precipitation; and 2) cause-specific
mortalities of translocated wild turkeys.

Study Area
I conducted my study at 2 sites (hereafter, the north and south sites) 16.5 km apart
in Quitman County, MS, USA. The 2 sites had similar vegetation including agricultural
fields intermixed with remnant hardwood forest patches and regenerating hardwood
forests (8–20 years old), but different total areas and mean patch sizes of mature
hardwood forests (Nyssa spp., Carya spp., and Quercus spp.). The north site (34◦19’ N,
90◦17’ W) encompassed 6,228 ha, including 1,357 ha of mature hardwood forests, 3,202
ha of regenerating hardwood forests (Quercus spp.), and 1,669 ha of agriculture. Mean
forest area was 142 ha, and the largest was 339 ha. Agriculture fields at the north site
were primarily soybeans (Glycine max) and wheat (Triticum aestivum). The south site
(34◦10’ N, 90◦21’ W) was 8,180 ha, including 961 ha of mature hardwood forests, 4,840
ha of regenerating hardwood forests, and 2,379 ha of agriculture. Mean forest area was
44 ha, and the largest was 185 ha. Agriculture at the south site included soybeans, corn
(Zea mays), and cotton (Gossypium spp.). Monthly mean temperatures ranged from 5 to
28 oC, with an annual mean temperature of 17 oC. Monthly precipitation ranged from
3.76 cm to 26.63 cm and averaged 13.28 cm (Lambert weather station, National Oceanic
and Atmospheric Administration [NOAA] ID: 224869; 1 km from south site and 11.2 km
from north site).
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Methods

Wild turkey capture, release, and radio telemetry
I used cannon nets (Harmon and Van Den Bussche 2000) to capture wild turkeys
from 22 sites throughout Mississippi during January–March 2009–2010. Captured wild
turkeys were held in National Wild Turkey Federation wild turkey transport boxes (34 ×
56 × 65 cm; International Paper, Memphis, Tennessee, USA) while transported via trucks
to one of the 2 sites. The mean straight line distance from capture sites to release sites
was 207 km (standard deviation [SD] = 133 km). Captured wild turkeys were released
the same day when possible. During 2009, I released 39 wild turkeys (7 males [M], 32
females [F]; 18 adults, 4 juveniles, and 17 unknown) at the north site and 32 wild turkeys
(7 M, 25 F; 7 adults, 3 juveniles, and 22 unknown ages) at the south site. During 2010, I
released 29 (4 M, 25 F; 22 adults, 6 juveniles, and 1 unknown) at the north site and 30 (6
M, 24 F; 22 adults, 6 juveniles, and 2 unknown) at the south site. Maximum numbers of
wild turkeys at the north and south sites in 2010 were 35 (8 M:27 F) and 36 (8 M:28 F),
respectively.
I marked captured wild turkeys with an aluminum leg band (National Band &
Tag, Newport, Kentucky, USA) and fitted with a 71.2 g very high frequency (VHF)
backpack radio transmitter with a 4-hour mortality switch (Model A1540, Advanced
Telemetry Systems [ATS], Isanti, Minnesota, USA) using a harness attachment (Godwin
et al. 1994). Wild turkey capture and handling procedures were approved by the
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Mississippi State University Institutional Animal Care and Use Committee (protocol 08059).
I monitored wild turkeys for mortality twice daily (0700–0900 hours and 1300–
1500 hours) using radio telemetry from release until onset of nesting (20 April 2010),
with a 3-element hand-held Yagi antenna (AF Antronics, Inc., Urbana, Illinois, USA) or
omnidirectional whip antenna (Model LM150, Telonics, Mesa, Arizona, USA) and
scanning ATS R4000 receiver. I also performed triangulation on radio-tagged wild
turkeys between daily mortality checks using 3 bearings with overall azimuth differences
of 60–120 degrees taken within 15 min (Cochran and Lord 1963). If a mortality signal
was detected, I went to its originating location as soon as practical to search for the
carcass and radio transmitter of the dead wild turkey. At mortality locations, I
documented condition of the bird carcass (e.g., bite marks, hemorrhaging or wounds) and
noted evidence of caching, signs of struggle, and tracks and scat of bobcats (Lynx rufus)
or coyotes (Canis latrans). I classified causes of mortalities as: 1) kill by bobcats if dead
birds were cached, or scat and tracks of bobcats were present at the scene; 2) kill by
coyotes or other mammalian predators (e.g., domestic dogs [Canis familiaris]) if wound
hemorrhaging, bite marks, and scat and tracks of coyotes or other mammals (e.g., feral
hogs [Sus scrofa] or raccoons [Procyon lotor]) were found at the scene; 3) capture-related
kill if a radio-tagged bird died within 24–48 hrs of release; and 4) unknown if conflicting
evidence was found or I was unsure of a specific cause (Miller et al. 1998, Wilson et al.
2005, Shields and Flake 2006). During the nesting season (16 March–30 June), only
mortality signals of radio-transmittered males were searched to avoid disturbing nesting
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females. After the nesting season, I continued to monitor mortalities of radio-tagged wild
turkeys during regular radio telemetry surveys.
I monitored and located radio-tagged wild turkeys 2–3 days weekly from March
2009 to January 2010 and 3 or more days weekly from January 2010 through April 2011,
using radio telemetry and triangulation methods (Cochran and Lord 1963, Chamberlain
and Leopold 2000). I conducted additional monitoring to determine fates (i.e. live, dead,
or missing) of all radio-tagged wild turkeys at both study sites every 2 weeks from 27
February 2009 until 1 April 2011. I combined all radio telemetry data to build biweekly
encounter histories of radio-tagged wild turkeys for survival analysis.

Survival and statistical analyses
I used the Burnham dead and live encounter model (hereafter, the joint model)
within program MARK to estimate biweekly survival of wild turkeys for 55 2-week
periods from February 2009 through April 2011 (White and Burnham 1999). I followed
Cooch and White (2011) for censoring “00” of known-fate data in my joint models and
fixed the probabilities of detection and site fidelity to 1. I excluded radio-tagged wild
turkeys that died within 14 days after release (Roberts et al. 1995).
I built a series of models to test effects of gender, study site, season, time (i.e.,
period-specific survival), and precipitation on wild turkey survival using model selection
with information-theoretic approaches (Burnham and Anderson 2002). I estimated the
variance inflation factor median c-hat using the most complex model possible with my
data. If estimated median c-hat exceeded 1.0, I used quasi Akaike Information Criterion
corrected for small sample size (QAICc) and ∆QAIC to select the most parsimonious
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model and competing models (White and Burnham 1999, Burnham and Anderson 2002).
Delta QAIC (or ∆QAIC) is the difference between the QAICc of the model and the least
QAICc among all candidate models. If a covariate was included in a model with the least
QAICc or with ∆QAIC < 2 of the most parsimonious model, I concluded that survival of
wild turkeys was related significantly to the covariate (Burnham and Anderson 2002). I
divided the 55 2-week periods into pre-nesting (1 January–15 March), nesting (16
March–30 June), and post-nesting (1 July–31 December) seasons for 2009, 2010, and
2011 (Chamberlain 1995). In my season-effect models, probabilities of 2-week survival
were identical within a season, but were allowed to vary across seasons.
From preliminary analyses, the survival model of year-season interactions had the
least QAICc among models with different combinations of gender, site, and time effects.
The ∆QAIC value of the second best model was 7.33. Therefore, I tested the wet hen
hypothesis based on the year-season-interaction model. The model that represented the
wet hen hypothesis included 2 covariates: mean biweekly total precipitation for nestingseasons and non-nesting seasons. Precipitation data were recorded at the Lambert
weather station (NOAA ID: 224869). I used analysis of deviance (ANODEV) to test
effects of seasonal precipitation and estimated percent deviance explained by
precipitation (Skalski et al. 1993, Skalski 1996, Doxa et al. 2010).
I used chi-square (χ2) tests to determine if mortalities of translocated birds were
distributed randomly among the 4 causes. All tests were conducted with α = 0.05.
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Results
Populations of translocated wild turkeys declined after release at both sites (Fig.
2.1). Mortalities occurred more frequently during nesting than other seasons. However, I
did not detect any radio-tagged wild turkeys either dispersing between sites or out of a
site. The non-nesting-season precipitation model (including rainfall of non-nesting
seasons) and the model for the wet hen hypothesis were the most parsimonious model
and second best model (∆QAIC = 0.38), respectively (Table 2.1). Survival of wild
turkeys varied seasonally, and was least during the nesting season (Fig. 2.2). Effects of
precipitation was negative (coefficient = -0.12, standard error [SE] = 0.07; ANODEV:
F1,5 = 7.59, P = 0.04) during the nesting season, but positive (coefficient = 0.16, SE = 0.1;
ANODEV: F1,5 = 11.6, P = 0.02) during the non-nesting season. Additionally, nestingseason precipitation explained 60.01% of total deviance.
I recovered carcasses and radio transmitters of 40 dead wild turkeys, including
birds released in 2009 and 2010, at 2 study sites from January 2010 to July 2010 (Table
2.2). Frequency of cause-specific mortality sources was similar at the north site (χ32 = 6,
P = 0.11), south site (χ32 = 2.8, P = 0.42), and both sites combined (χ32 = 1.8, P = 0.61),
respectively.

Discussion
Lesser survival of translocated wild turkeys from release to the nesting season
limits numbers of nesting females. Therefore, survival of translocated wild turkeys can
be used as an indicator of the suitability of future wild turkey habitat. Biweekly survival
probabilities of translocated wild turkeys in this study ranged from 0.96 to 0.99. Derived
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annual survival probabilities of my translocated wild turkeys were 0.57 from March 2009
to March 2010 and 0.51 from March 2010 to March 2011, similar to survival of female
wild turkeys in central Mississippi (ranging from 0.22 to 0.77 from 1984 to 1994 and
averaging 0.51; Miller et al. 1998) and those (0.44–0.67) reported from other regions
(Kurzejeski et al. 1987, Wilson et al. 2005, Shields and Flake 2006). Therefore, habitat
at my sites could support the initial establishment of translocated wild turkey populations.
Nevertheless, post-release nest success is necessary to sustain translocated wild turkey
populations, and thus may determine success of wild turkey restoration in the MAV.
Seasonal survival of adult wild turkeys exhibited considerable variation with
survival least during the nesting season, similar to previous studies (Roberts et al. 1995,
Miller et al. 1998, Hubbard et al. 1999). However, causes of reduced spring survival
were dubious. Badyaev et al. (1996) found that poor quality of nesting habitat increased
mortality of female adults during the nesting season. More sampling of nesting habitat
by females during pre-incubating seasons led to larger home ranges and greater survival
of nesting females (Hubbard et al. 1999). Furthermore, evidence linking lesser spring
survival of females to nesting activity is conflicting. Little et al. (1990) found that
nesting activity might have resulted in lesser spring survival of wild turkey females;
however, Hubbard et al. (1999) could not relate lesser spring survival to nesting activity
of females. Palmer et al. (1993) also reported lesser spring survival of females in
Kemper County, MS, USA. Predators accounted for 92% of observed female mortalities,
and most predation mortalities occurred during the nesting season (Palmer et al. 1993).
Therefore, vertebrate predation on nesting and brooding females may contribute to lesser
spring survival of wild turkeys.
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Predation is a main natural cause of wild turkey mortalities (Miller and Leopold
1992). For example, predation contributed about 50% of total spring mortalities of
translocated wild turkeys in my study (Table 2.2). Similarly, predators accounted for
46% of female mortality in central Mississippi, 55% in northern Missouri, 74% in southcentral New York, and 79% in south-central Iowa, USA (Kurzejeski et al. 1987, Miller
1990, Roberts et al. 1995, Hubbard et al. 1999). My data on cause-specific mortalities
were collected in 2010 with 69 wild turkeys released at my 2 sites in 2009, which would
give predators sufficient time to find this new prey. Thus, my estimate of predatorrelated mortalities of translocated wild turkeys may be greater than that immediately after
release in 2009. Although predators cause > 50% of wild turkey mortalities, losses of
adult wild turkeys to natural predators may not depress translocated populations
substantially if translocated females produce adequate numbers of offspring to offset
these losses (Miller and Leopold 1992). Population increases of wild turkeys appear less
sensitive to adult survival than to female nest success (Roberts et al. 1995). Therefore,
management of nesting and brooding habitat is important to improve nesting and
recruitment of translocated wild turkey populations for successful restoration in the north
central MAV.
My results were consistent with the prediction of the wet hen hypothesis: survival
of translocated wild turkeys was related inversely to spring and early summer
precipitation (Roberts et al. 1995, Roberts and Porter 1998). Warm, wet weather favors
growth of bacteria on females, which in turn increases their scent facilitating predator
detection of females on nests (Roberts et al. 1995, Roberts and Porter 1998). However, I
had no direct evidence of increased scent omission by females and enhanced female
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detection of mammalian predators by increased precipitation. Nevertheless, 4 of 10 wild
turkey females found dead during the 2010 nesting season were killed by mammalian
predators. Lopez et al (1997) did not find that spring precipitation accounted for lesser
survival of wild turkeys in semi-arid habitat in Texas. However, air humidity during
spring in Mississippi is probably greater than that in Texas. Future studies should
investigate relationships among scent intensity of females during spring, kill rates of
mammalian predators, and environmental conditions to better understand the wet hen
hypothesis in wild turkeys.

Management Implications
Wildlife biologists and managers can choose release period and frequency to
maximize post-release survival of wild turkeys when planning to translocate wild turkeys.
For instance, conducting releases over multiple years may be beneficial, especially if
initial recruitment is less. Additionally, capture periods (autumn and winter) appeared to
affect survival of wild turkeys differently (Conner et al. 2006; Miller et al. 1996). I
suggest conducting translocations of wild turkeys in the southeastern US during winter to
improve survival and allow time to recover from the stress of capture before breeding
season, especially in areas with a hunting season or when juveniles are included in
releases (Conner et al. 2006).
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Table 2.1 Live and dead encounter models with effects of season, site, gender, and precipitation on survival of
translocated wild turkeys, north central Mississippi Alluvial Valley, Mississippi, USA, January 2009–April
2011

Table 2.2 Cause-specific mortalities of translocated wild turkeys during release period
(January–April 2010) at 2 study sites, north central Mississippi Alluvial
Valley, Mississippi, USA during the release period of January to April, 2010.
Study
site
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Killed by other
mammals
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mortality

Unknown
cause
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Figure 2.1 Population trajectories of translocated wild turkeys at 2 study sites, north
central Mississippi Alluvial Valley, Mississippi, USA, January 2009–April
2011.
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Figure 2.2 Seasonal survival with 95% confidence intervals of translocated wild turkeys,
north central Mississippi Alluvial Valley, Mississippi, USA, January 2009–
April 2011. Pre-nesting season: 1 January–15 March; nesting season: 16
March–30 June; and post-nesting season: 1 July–31 December.
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CHAPTER III
SEASONAL RESOURCE SELECTION AND USE OF HARDWOOD
REGENERATION BY TRANSLOCATED WILD TURKEYS

Introduction
Conversion of forests to agriculture is likely the most influential form of habitat
loss on species extinctions in terrestrial ecosystems (Pereira et al. 2010). In the USA,
average annual gross deforestation was about 800,000 ha/year, with greatest rates of loss
in the southeastern and south central regions (Masek et al. 2011). However, reforestation
practices have intensified and resulted in an approximate annual net balance of forests
nationwide (Masek et al. 2011). For example, in the Mississippi Alluvial Valley (MAV),
restoration of forested wetland systems is of great priority to government and nongovernment organizations (Faulkner et al. 2011) and has provided important habitat for
numerous wildlife species (King et al. 2006).
Species can occupy suitable habitat through natural recolonization or
translocation. Translocation is a species-restoration tool often used to re-establish animal
populations in areas formerly occupied (Wolf et al. 1996). However, habitat types and
configurations available to translocated populations likely differ from what was available
previously (Fleishman and Mac Nally 2007); thus, suitability of available habitat may be
unknown. Of fundamental importance to species restoration is knowing suitability of
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habitat at potential sites for species translocations (Wolf et al. 1996). Ecological
flexibility, or a species’ ability to adapt to available habitat conditions, is often inferred
but generally not well understood (Van Daele et al. 2012). Therefore, understanding how
recently-translocated populations use available resources is essential for managing
existing sites and selecting potential sites for wildlife restoration (Pascale et al. 2010).
Eastern wild turkeys (Meleagris gallapovo silvestris, hereafter wild turkey) were
historically abundant throughout the MAV before being nearly extirpated as bottomland
hardwood forests were cleared for agriculture (Leopold 1929). Wild turkeys are typically
associated with mature hardwood forests (Porter 1992), but wild turkey populations have
been established successfully in fragmented agriculture-dominant landscapes and areas
with minimal mature hardwoods (Porter 1992). It is unknown if the MAV currently has
adequate amounts of mature hardwood forests to support wild turkey populations.
However, over 275,700 ha of reforestation in the MAV implemented through Farm Bill
programs like Wetland Reserve Program (WRP) and Conservation Reserve Program
(CRP) since 1985 may provide potential habitat for wild turkeys in the MAV (Porter
1992, King and Keeland 1999, King et al. 2006).
Regenerating hardwood forests contain 2 critical components of wild turkey
habitat: trees and herbaceous cover (Porter 1992). Although trees at a <20-year-old
restoration site in the MAV may not provide daytime cover and roost sites as can mature
hardwood trees, reforestation may offer wild turkeys potential immediate benefits of
early-successional habitat for nesting, feeding, and brood rearing with the future benefits
of mature forests (Porter 1992). However, extent of seasonal use of 8–20-year-old
regenerating hardwood forests by wild turkeys is unknown, particularly in diverse habitat
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containing many land cover types (e.g., agriculture, regenerating hardwood forests, and
mature hardwood forests).
Wild turkeys select resources and habitat according to their seasonal ecological
and physiological needs and resource availability (Chamberlain and Leopold 2000,
Lehman et al. 2007). Although many studies have documented seasonal resource use of
wild turkeys in various habitats (Godwin 1991, Chamberlain and Leopold 2000, Wilson
et al. 2005, Miller and Conner 2007), only one has investigated use of regenerating
hardwood forests by wild turkeys in a fragmented agricultural landscape (Thogmartin
2001). My objectives were to determine: 1) seasonal population-level resource use by
translocated wild turkeys; and 2) if regenerating hardwood forests is used by wild turkeys
similarly to mature hardwoods. Knowing how wild turkeys use regenerating hardwood
forests will help determine if it is an important habitat for wild turkeys in the MAV, and
determining resource use of wild turkeys at my sites will provide other areas in the MAV
a habitat selection index that can potentially be used to select areas for wild turkey
translocations. Reintroductions of wild turkeys to their former range is an important step
toward ecosystem restoration and can also provide recreational opportunities (e.g.,
hunting and bird-watching).

Study Area
My study was conducted at 2 sites (hereafter north and south sites) 16.5 km apart
in the MAV in Quitman County, Mississippi (MS), USA. The 2 sites were dominated by
agricultural fields with remnant mature hardwood forest (Nyssa spp., Carya spp., and
Quercus spp.) patches and regenerating hardwood forests (8–20 years old). The north
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site (34◦19’ N, 90◦17’ W) encompassed 3,491 ha, including 1,344 ha of mature hardwood
forests, 876 ha of regenerating hardwood forests (Quercus spp.), 1,108 ha of agriculture,
and 22 ha of cotton (Gossypium spp.). Agriculture fields were primarily soybeans
(Glycine max) and wheat (Triticum aestivum). The south site (34◦10’ N, 90◦21’ W) was
6,103 ha, including 1,369 ha of mature hardwood forests, 1,249 ha of regenerating
hardwood forests, 2,790 ha of agriculture, and 602 ha of cotton. Agriculture was
soybeans and corn (Zea mays). Monthly mean temperatures ranged from 5 to 28 oC, with
annual average temperature of 17 oC. Monthly precipitation ranged from 3.8 to 26.6 cm
and averaged 13.3 cm (Lambert weather station, National Oceanic and Atmospheric
Administration station ID: 224869; 1 km from south site and 11.2 km from north site).
To my knowledge, wild turkeys did not occur at either site before this study except for
occasional transient birds.

Methods

Wild turkey capture, release, and radio telemetry
Wild turkeys were captured from 22 sites throughout Mississippi during January–
March 2009–2010 using cannon nets (Harmon and Van Den Bussche 2000). Mean
straight line distance from capture site to release site was 207 km (standard deviation
[SD] = 133 km). Captured wild turkeys were held in National Wild Turkey Federation
wild turkey transport boxes (35 × 56 × 65 cm; International Paper, Memphis, Tennessee,
USA) while transported via trucks to one of the 2 sites for release. Fifty-nine percent of
captured wild turkeys were released the same day as captured, and all were released
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within 24 hours of capture. Before release, each wild turkey was marked with an
aluminum leg band of a unique identification number and fitted with a 71.2g backpack
radio transmitter (Model A1540, Advanced Telemetry Systems [ATS], Isanti, Minnesota,
USA) of a unique frequency with the harness attachment (Godwin 1991). Wild turkey
capture and handling procedures were approved by the Mississippi State University
Institutional Animal Care and Use Committee (protocol 08-059).
Each radio-tagged wild turkey was located using radio telemetry techniques with
a 3-element Yagi antenna (AF Antronics, Inc., Urbana, Illinois, USA) and ATS R4000
receiver at least 3 times weekly from 1 July 2009 or time of release in 2010 until time of
death or 30 June 2010. Potential location bias was reduced by varying bird order and
time of day (0600–0959 hours, 1000–1259 hours, and 1300–1600 hours) for radio
telemetry across tracking occasions. Locations of tracked wild turkeys were estimated
using triangulation with ≥3 bearings with an overall difference of 60–120 degrees taken
within 15 minutes (Cochran and Lord 1963, Chamberlain and Leopold 2000). The
Universal Transverse Mercator (UTM) coordinates of observers were obtained with a
Garmin eTrex H GPS unit (Garmin, Olathe, Kansas, USA). UTM coordinates of wild
turkeys locations were estimated using maximum likelihood methods within program
LOCATE III (Pacer Computer Software, Tatamagouche, Nova Scotia, Canada). Only
locations with an error ellipse of 2 ha or less were used for analyses.

Resource use analyses
I developed the land cover and land use map of my study sites using the LandSat
5 Thematic Mapper (TM 5) imagery of bands 1 (visible blue light: wavelength 0.45–0.52
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mm), 2 (visible green light: 0.52–0.60 mm), 3 (visible red light: wavelength: 0.63–0.69
mm), 4 (near-infrared light: 0.76–0.90 mm), 5 (middle-infrared light: 1.55–1.75 mm), and
7 (middle infrared light: 2.08–2.35 mm), acquired from the US Geological Survey
(USGS) Earth Resources Observation and Science Center (EROS) remote sensing data
archives. I classified land cover into 7 types: water, mature hardwood forest,
regenerating hardwood forest, agriculture (e.g., corn, soybeans), cotton, pasture, and
developed area using the satellite imagery flown on 22 June 2009 and Kohonen’s selforganizing map classifier within IDRISI Taiga version 16.05 (Clark Labs, Clark
University, Worcester, MA, USA; Li and Eastman 2010). I groundtruthed the land cover
map with 250 stratified random samples of location points. I removed water from the
analysis as wild turkeys do not require open water in the MAV (Dickson 2001). I used
ArcMAP 10 (Environmental Systems Research Institute, Redlands, California, USA) to
define each site by calculating a population-level minimum convex polygon (MCP)
around all locations at each of my previously-defined study sites. I used Hawth’s tools
(Hawth's analysis tools for ArcGIS, http://www.spatialecology.com/htools) to overlay a
grid over each MCP. I used 2-ha grid cells to accommodate my maximum telemetry
error size of 2 ha. Each cell was reclassified based on the dominant land-cover type
within it (Belant et al. 2010). I then calculated number of times male and female wild
turkeys were located within each cell.
I estimated wild turkey resource use for 3 biological seasons: pre-nesting (1
January–15 March), nesting/early reproductive (16 March–30 June), and post-nesting (1
July–31 December) (Chamberlain 1995). Number of wild turkeys tracked for each
season was 51 (25 north site [N]: 26 south site [S]), 62 (31 N: 31 S), and 23 (13 N: 10 S),
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respectively. I used generalized linear models with a Poisson distribution to test effects
of categorical variables gender, season, vegetation type (veg), and study site on cell use
with distance to mature hardwoods (distmat) a continuous covariate. I included models
with biologically relevant interactions such as season and gender. I used Akaike
Information Criterion corrected for small sample sizes (AICc), ∆AICc (difference in
AICc from the best model ), and Akaike weight to select the most parsimonious model
and competing models (Burnham and Anderson 2002). Models with ∆AICc < 2 were
considered competing models with the most parsimonious model that contained the least
AICc or greatest Akaike weight among candidate models. All tests were conducted with
α = 0.05.

Results
I radio-tracked 74 wild turkeys overall, resulting in 3,265 (N: 2,075; S: 1,190)
locations with 898 (N 608: S 290) during pre-nesting season, 1,568 (N 927: S 641) during
nesting season, and 799 (N 540: S 259) during post-nesting season. Locations occurred
in 326 of 1,737 total cells at the north site and 385 of 3,155 total cells at the south site.
Wild turkeys used resources differently between the north and south sites (F 1,
331,000

= 647.84, P < 0.01). Resource use by wild turkeys differed among seasons (F 2,

331,000

= 218.83, P < 0.01), between genders (F 1, 331,000 = 10.53, P < 0.01), and among

land cover types (F 5, 331,000 = 46.46, P < 0.01). Distance to mature hardwood forest
influenced resource use (F 1, 331,000 = 721.89, P < 0.01).
The model with the least AICc (36,191.0) and greatest wi (1.0) included distance
to mature hardwood forest and a 3-way interaction among gender, season, and vegetation
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(Table 3.1) and was used to estimate resource selection. There were no competing
models (∆AICc > 181.17). Cell usage by wild turkeys during all seasons decreased as
distance to mature hardwood forest increased. Females increased use of regenerating
hardwood forests during nesting and post-nesting seasons but reduced use of regenerating
hardwood forests during the pre-nesting season; whereas, males increased use of
regenerating hardwood forests during post-nesting season but not during nesting and prenesting seasons. Mature hardwood forests were used more by females during nesting and
post-nesting seasons and by males during post-nesting season relative to that by males
during pre-nesting season (Table 3.2). During all seasons, females and males used
developed areas less compared to use of mature hardwood forests by males during prenesting season (Table 3.2).

Discussion
Regenerating hardwood forests were not used the same as mature hardwood
forests but appeared an important component of wild turkey habitat in the MAV.
Regenerating hardwood forests contain more herbaceous ground-level vegetation
compared to mature hardwood forests and were used more by females during nesting and
post-nesting seasons. Studies outside the MAV also have documented female wild
turkeys selection of habitats with an herbaceous component including upland forests,
young (<20 year-old) pine (Pinus spp.) dominated forests (Chamberlain and Leopold
2000, Morgan et al. 2006, Miller and Conner 2007), bottomland hardwood forests
(Wilson 2005), and early-successional openings in Arkansas (Thogmartin 2001) during
nesting and post-nesting seasons. Use of regenerating hardwood forests in my study was
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not limited to females as males used this land cover more during the post-nesting season.
Wild turkey use of similar-aged pine forests was documented on fragmented landscapes
in Georgia (Morgan et al. 2006), further demonstrating the importance of forest
regeneration to wild turkeys. Reduced use of regenerating hardwood forests by both
genders during pre-nesting season was likely due to lack of food, unsuitable cover, and
both genders using open areas for breeding (Dickson 2001).
Comparatively greater use of mature hardwood forests during all seasons is
consistent with habitat requirements of wild turkeys (Porter 1992). Although increased
female use of regenerating hardwood forests occurred during nesting season, females also
increased use of mature hardwood forests during nesting season. However, increased use
of mature hardwood forests by females during nesting season is likely explained by
individuals which did not nest (Swanson et al. 1994). Males and females selected mature
hardwood forests during the post-nesting season similar to other studies in West Virginia,
Georgia, and central Mississippi (Swanson et al. 1994, Morgan et al. 2006, Miller and
Conner 2007). Wild turkeys are less likely to select resources more distant from mature
hardwood forests with shelter from inclement weather and predators (Dickson 2001).
During late spring–summer agriculture may provide an additional food source for
wild turkeys. Unlike Morgan et al. (2006) who concluded wild turkeys selected against
agriculture fields, wild turkeys in my study typically used agriculture similar to random
use, with increased use by males during the post-nesting season and by females during
nesting season. Increased use of agriculture fields by males during-post nesting season
may be explained by possible insect abundance or as travel corridors between other land
covers. Female use of agriculture fields is likely due to nesting along field borders
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adjacent to cropland or an effect of non-nesting females using different resources than
nesting females (M. K. Marable, Mississippi State University, unpublished data). In
contrast to agriculture fields, pasture and developed areas were used differently. Pasture
was used randomly by males and females for all seasons. Despite the potential for
pasture to provide nesting and brood rearing habitat, my study was consistent with other
studies where pasture was not selected due to selection of regenerating and mature
hardwood forests (Swanson et al. 1994, Morgan et al. 2006).
Seasonal variation in resource use highlights the requirement for multiple habitat
types to meet the needs of a species. My study suggests regenerating and mature
hardwood forests are important to wild turkeys in the MAV, despite variation in the use
intensity across 3 seasons. Translocating wild turkeys to areas in the MAV with mature
and regenerating hardwood forests is a step toward reestablishing the historic ecosystem
and restoring native species.

Management Implications
Management of regenerating hardwood forests and mature hardwoods appear
critical to establish wild turkeys in the MAV. I recommend establishing regenerating
hardwood forests and allowing current areas of regenerating hardwood forests to mature.
Increases in mature hardwood forests and early-successional areas may increase habitat
quality for wild turkeys in the MAV. I recommend using the less fragmented north site
as an example of minimum habitat requirements for wild turkeys in the MAV because
less wild turkey movement was required at the north site. Based on the north site, I
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recommend choosing release sites with ≥1,300 ha of mature hardwood forests and ≥900
ha of regenerating hardwood forests in patches ≥340 ha.

Table 3.1 Generalized linear models for seasonal habitat selection by translocated wild
turkeys, north central Mississippi Alluvial Valley, Mississippi, USA, July
2009–June 2010. a
Model b
site distmat gender*season*veg c
site distmat veg*season
site distmat gender*season
distmat gender*season*veg
distmat veg*season
distmat gender*season
distmat
site gender*season*veg
site veg*season
site gender*season
gender*veg*season
veg*season
site
gender*season
season
veg
gender
null

K
38
20
8
37
19
7
2
37
19
7
36
18
2
6
3
6
2
1

AICc
36,191.0
36,372.2
36,449.7
36,497.6
36,689.2
36,753.4
37,337.4
37,443.0
37,623.9
37,726.1
38,003.5
38,199.5
38,269.1
38,343.1
38,482.3
38,693.5
38,939.1
38,947.9

a

∆AICc
0.0
181.2
258.7
306.6
498.2
562.4
1,146.4
1,252.0
1,432.9
1,535.1
1,812.5
2,008.5
2,078.1
2,152.1
2,291.3
2,502.5
2,748.1
2,756.9

wi
1.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Model comparison was made using Akiake’s Information Criteria corrected for a small
sample size (AICc), the difference in AICc from the best model (∆AICc), and model
weight (wi).
b
Model terms are study site (site), distance to mature hardwoods (distmat), gender,
season, and vegetation type (veg).
c
Interactions are indicated by *.
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Table 3.2 Parameter estimates from the generalized linear model (site + distmat +
sex*veg*season) d for estimating seasonal habitat selection of translocated
wild turkeys, north central Mississippi Alluvial Valley, Mississippi, USA,
July 2009–June 2010.

Season e
Pre-nesting

Gender
Female

Male

Nesting

Female

Male

Post-nesting

Female

Male

Parameter
Estimate
-0.400
-0.876
-2.263
0.038
-13.134
-0.682
-0.074
0.811
-0.513
-0.158
-0.737
0.655
0.774
-0.694
0.579
-13.138
0.606
-0.190
0.440
-0.265
0.196
-13.081
-0.596
0.202
1.087
-1.860
0.713
-13.243
0.528
0.903
1.250
-12.909
0.628
-13.150
0.589

Vegetation
Agriculture
Cotton
Developed
Mature Hardwoods
Pasture
Hardwood Regeneration
Agriculture
Cotton
Developed
Pasture
Hardwood Regeneration
Agriculture
Cotton
Developed
Mature Hardwoods
Pasture
Hardwood Regeneration
Agriculture
Cotton
Developed
Mature Hardwoods
Pasture
Hardwood Regeneration
Agriculture
Cotton
Developed
Mature Hardwoods
Pasture
Hardwood Regeneration
Agriculture
Cotton
Developed
Mature Hardwoods
Pasture
Hardwood Regeneration

d

Standard
Error
0.122
0.277
0.510
0.113
392.730
0.137
0.144
0.221
0.367
1.005
0.193
0.109
0.161
0.269
0.109
429.900
0.112
0.151
0.246
0.348
0.137
716.020
0.192
0.138
0.240
0.714
0.120
668.030
0.134
0.131
0.232
232.430
0.137
888.290
0.151

UCI
-0.161
-0.332
-1.264
0.260
756.600
-0.414
0.207
1.244
0.207
1.812
-0.358
0.868
1.090
-0.168
0.792
829.450
0.826
0.106
0.921
0.416
0.464
1,390.310
-0.221
0.474
1.558
-0.461
0.949
1,296.070
0.791
1.159
1.704
442.650
0.896
1,727.870
0.885

LCI
-0.639
-1.419
-3.262
-0.184
-782.870
-0.950
-0.356
0.378
-1.232
-2.127
-1.116
0.441
0.459
-1.221
0.365
-855.720
0.385
-0.487
-0.042
-0.946
-0.072
-1,416.470
-0.972
-0.069
0.615
-3.260
0.477
-1,322.560
0.266
0.647
0.795
-468.470
0.359
-1,754.170
0.293

Symbol distmat represents distance to mature hardwoods; site for effects of study site;
sex for gender effects; and asterisk (*) for interaction.
e
Pre-nesting: 1 January– 15 March; Nesting: 16 March– 30 June; and Post-nesting:
1 July– 31 December.
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CHAPTER IV
SYNTHESIS

The eastern wild turkey (Meleagris gallapovo silvestris) was once abundant
throughout the Mississippi Alluvial Valley (MAV). However, wild turkeys were nearly
extirpated from the region by the early 1900’s due to overharvesting and conversion of
hardwood habitat to agriculture (Leopold 1929). Wild turkeys were restored throughout
much of their native range during the 1950–1970’s (Kennamer et al. 1992, Brooks et al.
2002) and expanded to agricultural regions of the Midwest (Humberg et al. 2009). The
success of wild turkey restoration has increased public interest in observing and hunting
wild turkeys (Kurzejeski and Vangilder 1992). The Mississippi Department of Wildlife,
Fisheries, and Parks (MDWFP) shares this interest and wants to provide people of the
MAV sustainable wild turkey populations as a recreational resource for hunting and
observation.
Despite interest in restoring wild turkeys to the MAV, habitat suitability and
distribution of wild turkeys remained unknown in the region. However, federal
conservation programs such as Wetland Reserve Program and Conservation Reserve
Program have increased amount of hardwood reforestation in the region by over 275,700
ha since 1985 (King et al. 2006). These conservation lands may provide herbaceous
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cover and trees essential for turkey habitat (Porter 1992) and improve the potential
establishment of viable wild turkey populations in the MAV (Kennamer et al. 1992).
Reintroductions are often used to restore species (Griffith et al. 1989) such as wild
turkeys in the MAV; however, factors influencing success of reintroductions must be
evaluated before large-scale translocations begin. Griffith et al. (1989) found that habitat
suitability and interspecific interactions affect success of reintroductions. Interspecific
competition and predation are known to be detrimental to success of introduced species,
but there are no competing species similar ecologically to wild turkeys in the MAV.
Conversely, predation is a major mortality factor for wild turkeys (Kurzejeski et al. 1987,
Miller and Leopold 1992) and may increase when movement in unfamiliar habitats
increases (Jacquot and Solomon 1997). Therefore, my objectives were to estimate: 1)
gross movement patterns and seasonal home range sizes; 2) cause-specific mortality; and
3) population-level resource use of released wild turkeys in the MAV.
Amount of movement can be an indicator of habitat quality and affects exposure
of wild turkeys to predation. It is essential to the success of wild turkey restoration that
translocated wild turkeys survive from release through nesting seasons. Wild turkeys
must survive on the resources currently available for successful wild turkey
reintroductions in the MAV. Determining resource use helps wildlife biologists select
future release sites for wild turkey translocations and manage habitats to increase
resource availability. The findings of my study will help develop a plan for restoring
wild turkeys to the MAV.
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Movements and Home Ranges
I assessed movement of translocated wild turkeys on fragmented landscapes in the
MAV using radio telemetry. I tested the site familiarity hypothesis (Clarke et al. 1993,
Heidinger et al. 2009) and resource dispersion hypothesis for wild turkey movement. I
found no evidence supporting the site familiarity hypothesis, indicating that (1) wild
turkeys are able to adapt to unfamiliar environments quickly; (2) my relocation frequency
was not great enough to detect differences; or (3) formation of social groups reduced
effects of site familiarity via social learning. Conversely, I found evidence supporting the
resource dispersion hypothesis. Movement and home range sizes increased with
increasing habitat fragmentation and resource dispersion for both genders and all seasons
except females during August–December. It is possible that the effects of resource
dispersion overrode the effects of site familiarity.

Seasonal Survival and Cause-Specific Mortality
I estimated survival and determined cause-specific mortality of released wild
turkeys using Burnham’s live and dead encounter models. Annual survival of 0.57 and
0.51 for 2009–2010 and 2010–2011, respectively, was within the range of survival
estimates from other studies. Survival was least during the nesting season and decreased
as spring precipitation increased, providing support to the wet hen hypothesis. Wet
incubating females are more likely to omit a scent due to increased bacterium infections,
which facilitate predators to detect incubating females (Roberts et al. 1995, Roberts and
Porter 1998). Predation is a leading cause of wild turkey mortalities (Miller and Leopold
1992). However, I found no difference among numbers of wild turkeys killed by
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bobcats, by other mammalian predators (e.g., coyote or domestic dog), by capture related
cause, and by unknown cause.

Resource Use
I assessed population-level resource use and use of regenerating hardwood forests
by released wild turkeys. Wild turkeys’ resource use varied by genders, seasons, and
vegetation types. Regenerating hardwood forests was selected probably by females
during nesting and post-nesting seasons and by males during post-nesting season.
Seasonal use of regenerating hardwood forests by nesting and brooding females suggests
that young regenerating hardwood forests is an important habitat for nesting and brood
rearing in my study region. However, 8–20 years old regenerating hardwood forests are
not a replacement for mature hardwoods in the MAV because mature hardwoods provide
mast, cover, and roost sites. Mature hardwoods were selected by females during nesting
and post-nesting seasons and by males during post-nesting season.

Conclusions
Regenerating and mature hardwood forests were important resources used by wild
turkeys in the MAV; however, greater mature hardwood forest fragmentation at the south
site increased movements of wild turkeys compared to those at the north site, which also
may increase predation risks. I suggest that wild turkeys included more distant forest
patches in their home ranges to acquire sufficient resources at the south site than at the
north site. Despite different wild turkey movements and resource fragmentation, survival
did not differ between study sites and was similar to survival of established wild turkeys
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in central Mississippi, suggesting that current habitat availability in the MAV is sufficient
for initial establishment of turkey populations. I suggest future studies of nest site
selection, nest success, and brood survival to further evaluate suitability of the MAV for
wild turkey restoration.

Management Implications
My study provides wildlife biologists and managers information on wild turkey
management and restoration in fragmented agricultural regions. I have the following
recommendations for future restoration of wild turkeys in the MAV:
1.

Choose potential release sites with ≥1,300 ha of mature hardwood
forests and ≥900 ha of regenerating hardwood forests in patches ≥340
ha and a juxtaposition of mature hardwood forests, regenerating
hardwood forests, and early-successional areas.

2.

Maintain mature hardwoods and avoid clear-cutting (≥5 ha) to provide
food, cover, and roost sites.

3.

Establish regenerating hardwood forests to provide nesting and brood
rearing habitat and future mature hardwood forests.

4.

Plan for multiple releases of ≥15 wild turkeys (1 male:4 females)
annually over 2–3 consecutive years when possible to increase numbers
of nesting females and improve survival of subsequent translocated
wild turkeys through social site familiarity.

5.

Conduct winter (December–February) trapping and releases to
maximize wild turkey survival from release through breeding seasons
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by taking advantage of greater winter survival and longer post-release
adjustment to new environments before nesting seasons than those of
spring releases.
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APPENDIX A
NUMBERS AND COMPOSITIONS OF RADIO-TAGGED WILD TURKEYS AT 2
STUDY SITES IN THE NORTH CENTRAL MISSISSIPPI ALLUVIAL VALLEY,
MISSISSIPPI, USA, 2009–2010.
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Year a

Study
site
North
site

2009
South
site

North
site

2010

South
site

a
b

Number
7
10
18
4
7
14
7
4
5
3
1
1
3
14
2
6
5
3
3
2
0
17
2
4

Gender
Male
Female
Female
Female
Male
Female
Female
Female
Male
Male
Female
Female
Female
Female
Female
Female
Male
Male
Female
Female
Female
Female
Female
Female

Age
Adult
Unknown
Adult
Juvenile
Adult
Unknown
Adult
Juvenile
Adult
Adult
Unknown
Unknown
Adult
Adult
Juvenile
Juvenile
Adult
Adult
Unknown
Unknown
Adult
Adult
Juvenile
Juvenile

Total
Release by
year b
gender
2009
7
2009
32
2009
2009
2009
7
2009
25
2009
2009
2009
8
2010
2009
2010
2009
27
2010
2009
2010
2009
8
2010
2009
2010
2009
28
2010
2009
2010

Data years are the years when radio telemetry data were collected.
Release years are the years when radio-tagged wild turkeys were released
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Total
by site
39

32

35

36

APPENDIX B
MEANS AND STANDARD DEVIATIONS (IN PARENTHESIS) OF MOVEMENT
DISTANCES AND HOME RANGE SIZE FOR EACH GENDER OF WILD
TURKEYS AT 2 STUDY SITES IN THE NORTH CENTRAL
MISSISSIPPI ALLUVIAL VALLEY,
MISSISSIPPI, USA, 2010
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a

Metric
DDM 2 (m)
DDM 3 (m)
DDM 4 (m)
Max DDM
March–May
Max DDM
June–August
Max DTR (m)
Last DTR (m)
EXD 1 (m)
EXD 2 (m)
Max EXD (m)
HR1 (ha)
HR2 (ha)

Males
511.45
(125.89)
NA
403.22
(187.65)
1,116.16
(684.53)
946.08
(498.67)
2,525.94
(787.08)
1,347.44
(718.00)
573.19
(344.96)
1,004.69
(305.26)
1,850.68
(542.21)
673.04
(448.66)
595.78
(167.61)

North site
Females
269.72
(190.66)
444.64
(144.14)
434.10
(177.00)
1,217.16
(623.98)
1,739.66
(2,350.87)
2,777.62
(1,561.03)
1,029.6
(881.38)
636.42
(341.88)
513.39
(233.44)
1,844.48
(1,038.52)
762.66
(353.05)
588.78
(129.76)

a

South site
Males
Females
765.14
538.55
(221.51)
(183.85)
NA
307.86
(332.27)
852.87
525.54
(403.89)
(264.45)
2,275.5
1,298.78
(1,028.59)
(806.63)
3,367.66
1,504.41
(1,054.38)
(847.25)
4,817.81
4,457.17
(1,990.43)
(2,945.63)
2,556.49
2,223.02
(1,637.53)
(1,838.89)
1,071.78
749.70
(624.02)
(585.67)
1,424.53
850.39
(593.93)
(505.41)
3,418.17
2,693.43
(1,054.13)
(1,672.79)
2,704.99
1,472.81
(1,979.06)
(990.41)
1,339.12
395.19
(230.87)
(279.44)

Symbols DDM2, DDM3, and DDM4 are mean daily distance moved for February to
March, April to May, and June to July of 2010, respectively; symbol Max stands for
maximum; DTR distance to release location; EXD 1 and EXD 2 are exploratory distance
moved for the first 30 and frrst 60 days after release, respectively; and HR1 and HR2 are
mean home range sizes for period 1 (January to July) and period 2 (August to December)
of 2010, respectively.
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APPENDIX C
PROPORTIONS OF HOME RANGE OVERLAP BETWEEN 2009 AND 2010
RELEASED WILD TURKEYS AT 2 STUDY SITES IN THE NORTH
CENTRAL MISSISSIPPI ALLUVIAL VALLEY,
MISSISSIPPI, USA, JANUARY–JULY 2010.
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a

ID
101
754
80
823
175
293
352
571

ID
140
534
563
672
693
713
283
30
323
373
19
0.00
0.64
0.85
0.94
0.25
0.28
0.28
0.15

0.50
0.41
0.50
0.46
0.26
0.38

0.79
0.73
0.89
0.69
0.68
0.75
0.87
0.92
0.88
0.77
344
0.00
0.21
0.46
0.33
0.14
0.14
0.16
0.07

0.60
0.69
0.56
0.36

150

112

474
0.00
0.43
0.62
0.61
0.19
0.22
0.22
0.12

0.50
0.27
0.28
0.38
0.18
0.25
0.33
0.38
0.31
0.14

263

0.81
0.79
1.00
0.94
0.78
0.81
0.84
0.33

602

0.53
0.77
0.50
0.36

0.93
0.50
0.56
0.69
0.41
0.46

391

0.73
0.54
0.75
0.73

0.64
0.77
0.89
0.54
0.47
0.58
0.93
0.77
0.94
0.82

594

Females in 2010
633
702
813
1.00 0.63 0.00
1.00 0.11 0.18
1.00 0.15 0.23
1.00 0.17 0.28
1.00 0.42 0.08
1.00 0.39 0.08
1.00 0.38 0.09
1.00 0.10 0.04

0.53
0.69
0.50
0.36

Females in 2010
433
512
0.93 0.29
0.45 0.64
0.56 0.61
0.62 0.38
0.50 0.47
0.58 0.42

853
0.00
0.54
0.85
0.67
0.44
0.47
0.50
0.22

0.93
1.00
0.94
1.00
0.76
0.79
1.00
0.92
1.00
0.91

613

902
0.00
0.04
0.08
0.06
0.03
0.03
0.03
0.01

1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00

643

0.06
0.71
0.85
1.00
0.31
0.33
0.34
0.18

4442

1.00
0.50
0.61
0.62
0.47
0.54
0.53
0.69
0.50
0.41

805

Males in 2010
223
464
554
0.00 0.00
0.38
0.46 0.54
0.50
0.54 0.62
0.77
0.78 0.89
0.67
0.14 0.19
0.44
0.17 0.19
0.47
0.16 0.22
0.50
0.11 0.12
0.22

Males in 2010
184
455
743
0.43
0.64 0.64
0.36
0.77 0.82
0.83 0.94
0.50
0.69 0.62
0.54
0.41 0.53
0.24
0.38
0.54 0.75
0.40
0.93 0.93
0.92 0.85
0.54
0.38
0.88 0.94
0.41
0.68 0.95

Values greater than or equal to 0.5 (in bold) suggest that individuals are in the same social group.

Males in 2009

Females in 2009

South site

Males in 2009

Females in 2009

North site

APPENDIX D
PROPORTION OF HOME RANGE OVERLAP BETWEEN 2009 AND 2010
RELEASED WILD TURKEYS AT 2 STUDY SITES IN THE NORTH
CENTRAL MISSISSIPPI ALLUVIAL VALLEY, MISSISSIPPI,
USA, AUGUST–DECEMBER 2010.
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North site

Females in 2010
ID

Females
in 2009

Males in
2009

112

150

Males in
2009

433

594

643

805

184

455

743

140

0.65

0.65

0.61

0.55

0.65

0.59

0.65

0.46

0.52

0.73

534

0.61

0.57

0.92

0.53

0.61

0.51

0.61

0.40

0.49

0.66

563

0.66

0.66

0.63

0.56

0.66

0.59

0.66

0.47

0.53

0.75

672

0.15

0.10

1.00

0.13

0.15

0.06

0.15

0.04

0.13

0.27

693

0.62

0.51

0.48

0.55

0.62

0.61

0.62

0.46

0.54

0.70

713

0.99

0.72

0.60

0.98

0.99

1.00

0.99

0.79

0.96

1.00

30

0.95

0.79

0.57

0.94

0.95

0.98

0.94

0.99

0.87

0.98

323

0.66

0.47

0.42

0.65

0.66

0.76

0.66

0.51

0.95

0.94

373

0.67

0.48

0.42

0.66

0.67

0.77

0.67

0.52

0.96

0.95

South site

Females
in 2009

391

Males in 2010

Females in 2010

Males 2010

ID

474

633

653

702

813

853

902

464

554

101

0.00

0.00

0.00

0.02

0.00

0.00

0.00

0.00

0.51

80

0.92

1.00

0.92

0.00

0.92

0.92

0.83

0.46

0.77

823

1.00

1.00

1.00

0.00

0.92

1.00

0.92

0.42

0.92

293

0.16

0.22

0.15

0.00

0.15

0.16

0.13

0.06

0.90

352

0.16

0.18

0.13

0.00

0.13

0.16

0.11

0.04

0.82

571

0.18

0.24

0.16

0.00

0.16

0.18

0.15

0.24

0.69

a

Values greater than or equal to 0.5 (in bold) suggest that individuals are in the same
social group.
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